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Acromegaly Update-Etiology, Diagnosis and Management
SHLOMO MELMED, MD, and JAMES A. FAGIN, MD, Los Angeles

Acromegaly is a disease with unique clinical manifestations. Its confirmatory diagnosis, however,
requires basalanddynamic tests ofgrowth hormone secretion. The measurement ofcirculating levels of
somatomedin C has been a valuable addition to the diagnostic armamentarium. We review the etiology
of acromegaly, with particular reference to the different histochemical and ultrastructural forms of
somatotropic adenomas and their respective clinical behaviors. Ectopic sources ofgrowth hormone-re-
leasing hormone and of growth hormone itself are now well-recognized, though unusual, causes of
acromegaly. The treatment of acromegaly is often problematic and far from uniformly successful. Initial
enthusiasm for the results of surgical treatment has nowbeen temperedbyreports ofincreasing rates of
recurrence on long-term follow-up. The roles of irradiation and pharmacotherapy are reviewed with
particular emphasis on the use ofbromocriptine, which has addeda new dimension to the control ofthe
somatic and metabolic manifestations ofhypersomatotropism. Studies have been done recently using a
long-acting somatostatin analog with encouraging results.
(Melmed S, Fagin JA: Acromegaly update-Etiology, diagnosis and management. West J Med 1987 Mar; 146:328-336)

Acromegaly, a syndrome of abnormal growth and propor-
tion accompanied by metabolic derangements, was first

described a century ago in 18861 by Marie and was the ear-
liest pituitary disorder to be clinically recognized. Although
autopsy studies documented the association of pituitary tumor
with acromegaly, 3 not until 1909 did Bailey, Cushing and
Davidoff confirm that anterior pituitary surgical intervention
resulted in amelioration of some of the signs and symptoms of
the disorder, thus further supporting the thesis that it was a
syndrome of pituitary hyperfunction.4 In a series of elegant
animal experiments using injections of anterior pituitary ex-
tracts, Evans and Long5 were able to produce features of
gigantism in rats.

Physiology of Growth Hormone Secretion and
Action

Growth hormone (Table 1) is a 191-amino acid polypep-
tide that is the predominant secretory product of the anterior
pituitary.6 Growth hormone secretion is under the dual con-
trol of hypothalamic stimulation and inhibition. Growth hor-
mone-releasing hormone (GHRH) stimulates growth
hormone secretion,'78 while somatostatin inhibits its secre-

tion.9 Peripheral hormones, such as estrogens, hydrocorti-
sone and triiodothyronine, also appear to modulate the
synthesis and secretion of pituitary growth hormone. Estro-
gens have been shown to enhance growth hormone secretion.
Indeed, premenopausal women have greater growth hormone
concentrations and secretory rates than normal men, whereas
growth hormone levels in postmenopausal women are compa-
rable to those in men.10 Premenopausal women exhibit greater
growth hormone responses to arginine than do men, but these
responses in men can be made comparable to those of pre-
menopausal women by pretreating with estrogens.11 The im-
plications of the increase in growth hormone secretion in
women of reproductive age are attenuated by the fact that
estrogens appear to inhibit production of somatomedin C.12
Long- and short-term glucocorticoid excess results in sup-
pression of growth hormone secretion,10 which may play a
role in determining the growth retardation of children with
chronic glucocorticoid excess. Hypothyroid children have
blunted growth hormone responses to insulin-induced hypo-
glycemia and GHRH,13 and this may be relevant to the
growth disturbance ofthyroid hormone deficiency.

The growth-promoting effects of growth hormone are be-
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TABLE 1.-Nomenclature of the Hypothalamic-Pituitary Growth Hormone
Hormone Source Action

Growth hormone-releasing hormone . Hypothalamus ....... Stimulates growth hormone secretion
Somatostatin ..... .... Hypothalamus ....... Inhibits growth hormone secretion
Growth hormone ..... ... Pituitary

(somatotrope cell) .... Stimulates somatomedin C; antagonizes insulin
action

Somatomedin C .... .... Liver; other tissues Stimulates bone growth; stimulates cell
replication
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lieved to be mediated through the action of somatomedin C/
insulinlike growth factor I (IGF-I). 14 Growth hormone stimu-
lates the production of IGF-I in the liver, which is probably
the major source of circulating IGF-I levels.'5 IGF-I, how-
ever, is also produced in most if not all other tissues, and such
tissue production is responsive to growth hormone. I6 It is not
clear whether the bioactivity of IGF-I is dependent on the
circulating peptide (endocrine action) or if IGF-I is predomi-
nantly acting at or close to its site of synthesis on neighboring
cells (paracrine action) or on the same cell that synthesized it
(autocrine action). The complexity of these interactions is
heightened by the fact that other somatomedins distinct from
IGF-I and their binding proteins are also produced in various
tissues, and they are variously regulated by growth hor-
mone.'7 In addition, growth hormone has further direct pe-
ripheral actions in inhibiting the action of insulin on carbohy-
drate and lipid metabolism."'-"' IGF-I has also recently been
shown to act via a classic negative feedback loop in sup-
pressing basal- and GHRH-stimulated gene expression and
secretion of pituitary growth hormone.20'2' IGF-I may also
regulate hypothalamic somatostatin secretion.20

Etiology
The clinical features of acromegaly all result directly or

indirectly from a sustained hypersecretion of growth hor-
mone.22 In recent years, the availability of specific hormone
radioimmunoassays, computed tomographic (CT) scanning
and sensitive immunohistologic techniques have resulted in
the elucidation of several causes ofacromegaly (Table 2).

Pituitary Causes ofAcromegaly
The growth hormone-secreting cells (somatotropes) com-

prise about 50% ofthe cells of-the anterior pituitary gland and
are readily identified by sensitive and precise immunocyto-
chemical and electron-microscopic techniques.23 It is from
these cells that growth hormone-secreting adenomas arise.
The formation of a somatotropinoma (growth hormone-cell
adenoma) probably accounts for more than 90% of the cases
of acromegaly.24 The pure growth hormone-secreting ade-
noma may either be densely granulated2538 with growth hor-
mone-containing granules as seen on electron microscopy or
sparsely granulated. 2528,31,34,35,39-42 The former tumors con-
tain large amounts of stored hormone and are usually slow
growing, leading to an insidious clinical progression, often
over many years. The sparsely granulated growth hormone-
cell adenomas, however, are rapidly growing, locally inva-
sive and often associated with suprasellar extension at clinical
presentation. About 25% of all of these adenomas are bimor-
phous (combination oftwo cell types), which are classified as
mixed growth hormone-cell and prolactin-cell adeno-
mas.4",43-48 About 10% of all somatotropinomas are derived
from the acidophil stem cell.26'49-5' These monomorphous
(single cell type) growth hormone- and prolactin-containing
tumors usually present with primary clinical features of hy-

perprolactinemia (galactorrhea, amenorrhea, impotence) and
relatively mild acromegaly.

Mammosomatotropic monomorphous cell adenomas52 are
slowly growing growth hormone- and prolactin-containing
benign tumors believed to be the mature variants of the acido-
phil stem cell adenomas. The patients clinically have acro-
megaly and high circulating growth hormone levels with
normal to moderately raised prolactin levels.

Plurihormonal adenomas express growth hormone with
prolactin, thyroid-stimulating hormone (TSH) or adrenocor-
ticotropic hormone (ACTH).28,53-55

The natural history of acromegaly is highly variable, and
the response of inappropriate growth hormone secretion to
various stimuli and inhibitors in this condition is far from
uniform. The ultimate relevance of this immunohistochem-
ical classification would be enhanced if further correlations
could be found between tumor cell types, dynamic growth
hormone testing, such as to GHRH, thyrotropin-releasing
hormone (TRH), dopamine agonists and glucose, and re-
sponse to therapy, such as radiosensitivity or bromocriptine-
responsiveness.

Most of the extrapituitary causes of acromegaly have only
recently been fully documented and their pathogenesis clari-
fied.

Aberrant sonatotropic cell adenomas. These adenomas
arise in pituitary tissue remnants in the sphenoid or parapha-
ryngeal sinuses,"-"' reflecting the embryologic origin of the
anterior pituitary from Rathke's pouch.

Extrapituitary Causes of Acromegaly
Ectopic growth hormone-secreting tumors. The existence

of extrapituitary growth hormone was suggested by the in
vitro finding of immunoreactive growth hormone in lung ade-
nocarcinoma,59 breast cancer60 and ovarian tissue extracts.60
Recently a patient harboring a growth hormone-secreting in-
tramesenteric islet cell tumor with acromegaly was cured after
excision of the abdominal tumor, which was shown to express
growth hormone messenger RNA.61 Based on the features of
this so-far-unique case, patients with ectopic growth hormone

ABBREVIATIONS USED IN TEXT
ACTH = adrenocorticotropic hormone
CT = computed tomography
GHRH = growth hormone-releasing hormone
IGF-I = insulinlike growth factor I
TRH = thyrotropin-releasing hormone
TSH = thyroid-stimulating hormone

TABLE 2.-Etiology of Hypersomatotropism*

Pituitary
Eutopic

Densely granulated growth hormone-cell adenoma
Sparsely granulated growth hormone-cell adenoma
Mixed growth hormone-cell and prolactin-cell adenoma
Mammosomatotrope-cell adenoma
Acidophil stem cell adenoma
Plurihormonal adenoma

Ectopic
Aberrant growth hormone-cell adenoma

Sphenoid sinus
Parapharyngeal sinuses

Extrapituitary
Ectopic growth hormone-secreting tumor

Pancreas
Excess GHRH secretion
Eutopic-hypothalamic hamartoma
Ectopic-pancreatic islet cell tumors; bronchial and intestinal

carcinoid
Acromegaloidism

GHRH = growth hormone-releasing hormone

'Adopted from Melmed et al.22
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secretion would be expected to have normal pituitary CT
scans, no response of circulating growth hormone to TRH
stimulation and undetectable levels ofplasma GHRH.

Excess GHRH secretion: Eutopic: Hypothalamic hamar-
tomas,62 choristomas,63 gliomas and gangliocytomas64 may
cause acromegaly. These tumors elaborate GHRH, causing
acromegaly associated with excessive growth hormone secre-
tion.

Ectopic GHRH secretion: Ectopic GHRH secretion has
been documented in patients harboring pancreatic islet cell
tumors65-69 and lung and intestinal carcinoid tumors.'01'4
These patients present with the clinical features of classic
acromegaly, accompanied by elevated circulating growth
hormone and GHRH levels. Patients also often show mass
effects (usually pulmonary) from their extrapituitary tumors,
obvious metastatic disease or other humoral effects, such as
insulin-induced hypoglycemia or carcinoid syndrome. The
structure ofGHRH was originally elucidated from extracts of
pancreatic islet cell tumors removed from patients with this
syndrome.66 67'69 Following surgical removal of the tumors,
growth hormone levels fell rapidly and clinical signs of acro-
megaly regressed. In some of these cases, examination of the
pituitary showed evidence of growth hormone-cell (somato-
trope) hyperplasia with a preserved reticulin network,65 '5
indicating the absence of an adenoma, wherein the reticulin
network appears distorted.

The relative rarity of this condition was recently docu-
mented in a retrospective multicenter study of 177 unselected
acromegalic patients where no cases of elevated circulating
GHRH levels were found in previously undiagnosed cases.76

Acromegaloidism. Acromegaloidism, indistinguishable
clinically from acromegaly, has been diagnosed in rare cases
in patients with normal basal and dynamic growth hormone
levels and no demonstrable pituitary or abdominal tumor.
These patients may elaborate a unique growth factor distinct
from growth hormone or somatomedin C.77

Clinical Features of Acromegaly
The classic physical features of acromegaly have in-

trigued physicians since the first description of the disorder
(Table 3).

The clinical signs and symptoms of acromegaly are due to
the effects of the local tumor mass in the pituitary, the periph-
eral effects of excessive growth hormone secretion and the
endocrine effects of the disordered secretion of the other pitu-
itary hormones.

Local Tumor Effects
In slow-growing tumors, the local features are usually not

prominent. In the more aggressive tumors (usually seen in
younger patients) these signs may be the presenting features.

Pituitary tumors enlarge and this may cause headache,
visual field defects because of pressure on the optic chiasm or
optic nerves or cranial nerve palsies.78 Inferior expansion
may erode into the sphenoid sinus. In rare cases these tumors
may extend to the tips of the temporal lobe and may even
cause uncinate seizures. 9As the frequency of the early diag-
nosis of acromegaly increases, the prevalence of these local
complications will decrease.

Patients with extrapituitary acromegaly will harbor either
an abdominal or chest mass and may present with systemic
features of carcinoid syndrome or even occasionally hypogly-
cemia from an islet cell tumor.

Effects of Excessive Growth Hormone Secretion
The earliest effects of excessive exposure to elevated

growth hormone levels are coarsening of facial features with
soft tissue swelling of the face, hands and feet.80'81 This may
occur insidiously, and the diagnosis is often confirmed by
comparing serial photographs of patients taken over many
years. Increased soft tissue volume results in patients noticing
a progressively larger shoe size and ring diameter. These
features depend both on the duration of the growth hormone
hypersecretion and the degree ofelevation ofgrowth hormone
levels. It appears that most of the somatic effects are mediated
by excessive IGF-I levels,16 whereas many of the metabolic
effects, such as carbohydrate intolerance, are direct effects of
growth hormone itself. I719 The prevalence of these clinical
signs does not appear to differ substantially from the original
description by Davidoff in 1926.4

As patients with acromegaly live longer, however, addi-
tional clinical features have become apparent. It appears that
there is an association of colonic polyps in acromegalic pa-
tients who have skin tags.82 Recently the association of co-
lonic cancer and acromegaly has also been described, and this
has confirmed the increased prevalence of cancer in cases of
acromegaly. 8283

Other Endocrine and Metabolic Abnormalities
Acromegaly is associated with a multitude of metabolic

abnormalities. The effects on carbohydrate and lipid metabo-

TABLE 3.-Acromegaly-Clinical and Metabolic Features

Local
Visual field defects; cranial
nerve palsy; headache
Abdominal or chest mass

Somatic
Acral enlargement ...... . Increased heel pad thickness;

prognathism; hypertrophy of frontal
bones; malocclusion; macroglossia

Musculoskeletal ........ . Arthralgias; hypertrophic
arthropathy; carpal tunnel syndrome;
acroparesthesias; proximal
myopathy

Skin . .Hyperhydrosis; skin tags; acanthosis
nigricans

Colon ........... Polyposis; carcinoma
Cardiovascular ..... . Left ventricular hypertrophy;

asymmetric septal hypertrophy;
hypertension; congestive heart
failure; arrhythmias; myocardial
infarction

Sleep disturbances .... . Sleep apnea; narcolepsy
Visceromegaly ........ . Salivary glands; liver; spleen; kidney

Metabolic and Endocrine
Carbohydrate ........ Insulin resistance and hyperinsuli-

nemia; impaired glucose tolerance;
diabetes mellitus

Lipids ............ .Hypertriglyceridemia
Mineral ............. Hypercalciuria; increased

1,25-dihydroxyvitamin D3; increased
urinary hydroxyproline

Electrolyte .............Low renin; increased aldosterone
Gonadal .. . Menstrual abnormalities;

galactorrhea; decreased libido;
impotence; low testosterone-binding
globulin

Thyroid . .Thyromegaly; hyperthyroidism; low
thyroid-binding globulin

Multiple endocrine neoplasia (I) Hyperparathyroidism; pancreatic
islet cell tumors
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lism are probably due to a direct anti-insulin effect of growth
hormone.1-19 Curiously, despite hyperinsulinemia and clini-
cally evident diabetes mellitus, the microvascular complica-
tions of diabetes seldom develop in persons with acromegaly.
Reproductive disorders such as menstrual disturbances or ga-
lactorrhea in women and loss of libido and impotence in men
are due to several factors, including associated hyperprolacti-
nemia,2484 low testosterone-binding globulin levels and hy-
popituitarism with hypogonadotropinemia in patients with
large pituitary tumors.85 An increased prevalence of diffuse or
nodular goiters is well recognized.86 The interpretation of
thyroid function tests may be complicated by a low thyroid-
binding globulin level and an increased thyroid-binding preal-
bumin concentration.8687 ACTH and TSH deficiencies occur
late in the natural history of the disease and require replace-
ment therapy with hydrocortisone and thyroxine.

About 30% of patients with acromegaly have hyperpro-
lactinemia. Elevated prolactin levels may be caused by a
mixed somatotrope-lactotrope adenoma, production of
growth hormone and prolactin from a single-cell-type tumor
such as mammosomatotropic or acidophil stem cell tumor or,
finally, by a plurihormonal adenoma consisting of two sepa-
rate adenomas.24 In larger, pure growth hormone-cell ma-
croadenomas, pituitary stalk compression may also lead to
hyperprolactinemia.

Hypercalcemia with abnormal calcium metabolism may
occur in 3% to 16% of cases.88 In a small proportion of these,
this may be due to associated hyperparathyroidism as part ofa
syndrome of multiple endocrine adenomatosis (type I). In a
review of 88 patients with this syndrome, 15 were found to
have acromegaly.89 Hypercalciuria is seen more commonly.
In this regard, increased concentrations of 1,25-dihydroxyvi-
tamin D3 have been reported in patients with acromegaly, and
these have been shown to decrease after treatment.88 In-
creased 1,25-dihydroxyvitamin D3 levels may play a role in
the hypercalcemia and increased bone turnover occasionally
encountered in this disease. 90

Diagnosis of Acromegaly
The clinical diagnosis of acromegaly is usually clear-cut

in long-standing cases, but may be subtle in the early stages of
the disease. The diagnosis of acromegaly is based on strict
biochemical criteria. Upper levels of normal for ser'um
growth hormone in adults are 5 ng per ml in male patients and
10 ng per ml in female patients. The basal levels of growth
hormone fluctuate physiologically,9" however, and elevated
levels are also found in patients who are stressed and in those
with chronic renal failure, poorly controlled diabetes mel-
litus, malnutrition, anorexia nervosa and cirrhosis.92 The
finding of a single elevated serum growth hormone level is
therefore not diagnostic of acromegaly. The absence of sup-
pression of serum growth hormone levels (< 5 ng per ml in
male patients and < 10 ng per ml in female patients) two
hours after an oral glucose load (75 grams) establishes the
diagnosis of pathologic hypersecretion of growth hormone in
more than 90% of cases. About 20% of patients with acro-
megaly will in fact have a paradoxic elevation of growth
hormone levels two hours after oral administration of glu-
cose.93-96 A stimulation of already elevated growth hormone
levels after thyrotropin-releasing hormone administration is
seen in about 75% of cases.9" Clearly, therefore, a few pa-
tients with acromegaly, while manifesting the features of

growth hormone excess, may have normal fasting growth
hormone levels, normal growth hormone suppression after an
oral glucose tolerance test and no stimulation of growth hor-
mone afterTRH administration.

The growth hormone dependency of IGF-I and its long
half-life-in virtue of its almost complete binding to specific
carrier proteins9899-has aroused great interest in its value as
a tool for diagnosis and follow-up of acromegaly. Several
studies have pointed out that IGF-I levels appear to correlate
better than fasting growth hormone levels or those after a
one-hour glucose load with activity of the disease, such as
heel-pad thickness. 100.101 IGF-I levels thus appear to repre-
sent a readily measurable assessment of growth hormone
bioactivity. IGF-I levels can also increase in a number of
physiologic conditions, such as puberty and late pregnan-
cy,102 and may be extremely low in persons with malnutri-
tion.103 The overlap, however, between normal persons and
those with active acromegaly is small. Measuring IGF-I
levels is appropriate as part of the initial diagnostic workup
and the monitoring of the response to therapy in acromegaly.
Several groups, however, have contended that neither growth
hormone nor IGF-I levels alone correlate well with clinical
responses following treatment of acromegaly.104'105 Thus, so-
matomedin assays should supplement basal and dynamic tests
for growth hormone for the endocrine diagnosis and fol-
low-up of somatotropic adenomas.

Additional anterior pituitary function testing that provides
useful information for postsurgical management includes
measuring serum prolactin levels, doing thyroid function tests
and assessing ACTH reserve.

Although plain lateral skull x-ray films reveal abnormali-
ties of the sellar contour in 80% to 90% of cases,106 the
presence of microadenomas (less than 10 mm) is not detected
by this method. High-resolution CT scanning is the best im-
aging technique currently available for the study of pituitary
adenomas. While macroadenomas are often visualized as hy-
perlucent areas, microadenomas of up to 5 mm can be seen as
hypodense or isodense intrapituitary lesions.107 CT scanning
has been disappointing in the study of the sellar anatomy
following a pituitary operation or irradiation.'07 Suprasellar
extension of adenomas or the presence of an empty sella,
however, can be reliably detected by CT. Nuclear magnetic
resonance imaging techniques have recently been introduced
and show great promise. They show with precision the effects
of the pituitary tumor mass on adjacent structures, particu-
larly the visual pathway, and are better able to distinguish the
intrasellar cerebrospinal fluid cistern of the "empty" sella
from other lesions that present with a hypodense CT appear-
ance such as fibrous, necrotic or cystic tissue.108 There may
still be an occasional role for angiographic techniques in per-
sons harboring large pituitary masses in whom the relation-
ship of the tumor to the neighboring blood vessels must be
defined. 106

The search for an extrapituitary cause of acromegaly
through abdominal and chest CT scanning before therapy
directed at the pituitary is probably not cost-effective when
done on a routine basis as these are relatively rare condi-
tions.76 If there are symptoms pointing to an extrapituitary
tumor, carcinoid syndrome or hyperinsulinemia; a normal
pituitary CT scan with no response of growth hormone to
TRH administration, or increased GHRH levels are encoun-
tered, then a CT search for an ectopic source of growth hor-
mone orGHRH is indicated.
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Therapy for Acromegaly
The aims oftherapy for acromegaly are as follows:
* To treat the pituitary lesion, thus correcting or pre-

venting local complications.
* To totally suppress disordered pituitary secretion of

growth hormone, thus preventing progression ofphysical dis-
figurement and the metabolic or systemic effects of hyperso-
matotropinemia.

* To prevent or rectify other pituitary tropic hormone dis-
orders.

Table 4 summarizes the criteria for the cure ofacromegaly
that have been used by several groups in recently published
series. As will be discussed below, no single therapeutic op-
tion (Table 5) really offers a 100% successful cure of acro-
megaly. Medical or radiation therapy will often be required as
adjuvants to surgical treatment. The development of newer
pharmacological agents, especially somatostatin analogs,
certainly holds much future promise.

Radiation Therapy
Conventional radiation therapy is used both as a primary

and an adjuvant form of therapy in acromegaly. 114'115
A total dose of 5,000 rads is administered over four to six

weeks. The time required for this to effectively lower growth
hormone levels by 50% is usually at least two years. The
longer the time interval after irradiation, the greater the effec-
tiveness of the treatment.85"15"117 After ten years, normal
growth hormone levels are seen in about 75 % of persons with
acromegaly. The arrest of tumor growth is almost uniformly
seen, and most growth hormone-cell adenomas do shrink
after irradiation.

Side effects. Radiation damage to the surrounding tissues
may occur, especially if more than 5,000 rads are adminis-

tered. 115-117 Hypopituitarism will develop in about 50% of
patients after ten years. Hypocortisolism and hypogonadism
are the usual tropic hormone deficits, while isolated hypo-
thyroidism occurs in only about 10% of these patients. Mixed
hypocortisolism and hypogonadism will develop in about 5%
ofpatients. 115-117

Proton beam therapy has also been used with considerable
success in the treatment of acromegaly. I8 The advantage of
this form of irradiation is that a patient can receive the total
radiation dosage (4,500 to 6,500 rads) in only one or two
visits without causing skin damage.

The slowness of the response seen with radiation therapy
usually makes it an inappropriate option for young patients
who may be alarmed by the prospect of progressive physical
deformities. Furthermore, glucose intolerance and hyperten-
sion may be serious complications of acromegaly and clearly
a rapid fall in circulating growth hormone levels would be
desirable to prevent development or exacerbation of these
complications.

Surgical Management-Transsphenoidal Surgery
The earliest cures ofacromegaly were in fact described by

Cushing in 1909, who used the transsphenoidal approach to
surgically remove pituitary tumors."19 Today, the most fre-
quently used form oftherapy in acromegaly is transsphenoidal
pituitary adenomectomy done by a skilled and experienced
neurosurgeon. A transfrontal pituitary operation is reserved
for patients harboring large tumors with significant supra-
sellar extension or contiguity with blood vessels or optic
nerves. 120.121

The results of selectively resecting a growth hormone-cell
adenoma are clear-cut and rapid. Growth hormone levels fall
to normal within an hour oftumor excision, and the soft tissue
and metabolic effects of elevated growth hormone levels are
ameliorated almost immediately. The hard tissue changes in-
duced by the acromegaly are, however, irreversible.

The following clinical and biochemical features will pre-
dict the success of surgical treatment122"123:

* Microadenoma is totally confined within the pituitary
fossa.

* Random serum growth hormone levels are less than 40
ng per ml.

Patients fulfilling these two criteria will have an initial
success rate of almost 90% as assessed by a reduction in
serum growth hormone levels to less than 5 ng per ml.122-126
Normal pituitary function is usually restored postoperatively
if the tumor is well encapsulated. Despite these good results
observed in most major centers, recent evidence has indicated
that long-term results (five years and later) in these patients
are not at all as favorable.127 Tumor recurrence with or
without clinical features of acromegaly and evidence of
failure to suppress growth hormone levels after oral adminis-
tration of glucose have been observed in patients who had
initially been "cured." Further data from follow-up studies
are required to allow a fuller evaluation of the long-term
results ofthe transsphenoidal pituitary operation.

Side effects. Clearly the most important endocrine side
effect of surgical treatment is damage to the remainder of the
pituitAry gland with resultant pituitary failure and the neces-
sity for life-long hormone replacement.95'109

Surgical morbidity including cerebrospinal fluid leaks, si-
nusitis, central nervous system damage, hemorrhage, tran-
sient or permanent (infrequent) diabetes insipidus and bacte-

TABLE 4.-Criteria for Absolute Cure of Acromegaly

Fasting AM growth hormone levels are less than 5 ng/ml in male patients
and less than 10 ng/ml in female patients

Growth hormone secretion is suppressible after an oral glucose tolerance
test*

Normal circadian rhythm of growth hormone secretion reappearst
Growth hormone levels increase normally after provocative stimula-

tiont§111
IGF-I levels are normal#
Paradoxic growth hormone responses disappeart§11
IGF-I = insulinlike growth factor

*From Ouabbe.109
tFrom Jaquet et al.110
tFrom Faglia et a!.95
§From Arafah et al.111
IlFrom Hoyte and Martin.112
1From Pearson et al.113
#From Clemmons et al.100

TABLE 5.-Treatment Options in Acromegaly

Surgical
Transsphenoidal pituitary adenomectomy
Primary extrapituitary tumor resection

Radiation
Conventional supervoltage
Proton beam

Medical
Dopaminergic agonists (bromocriptine; pergolide mesylate)
Somatostatin analogs
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rial or sterile meningitis occurs in about 5% ofall patients. An
empty sella syndrome postoperatively may in rare cases lead
to visual impairment. The incidence of these complications
depends on the size ofthe tumor. 122, 1231 25.126

Finally, as with any major operation, about a 1 % mor-
tality rate exists. These operative deaths are usually only seen
in patients with large invasive tumors. 121

It should be emphasized that the recurrence of acromegaly
after surgical treatment may indicate incomplete surgical re-
section of tumor tissue. 122 Although growth hormone-cell ad-
enomas are usually well confined, functioning tumor cells
may invade the dura and are thus difficult to visualize and
resect.

Medical Treatment ofAcromegaly
Bromocriptine. 2-Bromo-a-ergocriptine, a lysergic acid

ergot derivative, has recently been approved by the Food and
Drug Administration for use in the treatment of acromegaly.
This dopamine agonist binds to pituitary dopamine receptors
and will cause a substantial suppression of prolactin secretion
in normal patients and those with prolactin-secreting ade-
nomas. Because neoplastic somatotropes probably respond
inappropriately to dopamine agonists by suppressing growth
hormone secretion in more than 50% of persons with acro-

megaly,128 bromocriptine is used as both a primary and an

adjuvant medication for acromegaly.
The doses of bromocriptine used in acromegaly are usu-

ally higher than those required to suppress prolactin secre-
tion. It is noteworthy, however, that if a beneficial effect of
the use of bromocriptine is to be observed, it is usually seen
with doses of as much as 20 mg bromocriptine a day.129-132
Higher doses are usually unwarranted, as side effects of the
drug will become more apparent. These include headache,
nasal stuffiness, nausea, vomiting, transient postural hypoten-
sion, cold-induced peripheral vasospasm, depression, night-
mares and hallucinations.133 These side effects are usually
reversible after decreasing the dose.

In more than 20 published series from Western Europe
and the United States, it appears that basal serum growth
hormone levels are decreased to less than 10 ng per ml in
about 50% of cases (range 10% to 80%). A growth hormone
level of less than 5 ng per ml has been found in 20% of
reported cases (range 5% to 60%),85 while shrinkage of
tumor size probably only occurs in about 10% to 20% ofcases
in published series.134133 Interestingly, however, most pa-
tients (about 70%) noted a significant improvement in clinical
well-being, including reduction of perspiration, decreased
soft tissue swelling and decreased ring size. 136 There is con-

troversy regarding the correlations between clinical responses
to bromocriptine therapy and serum levels ofgrowth hormone
after oral glucose is given and IGF-I levels are measured.
While some authors claim that growth hormone levels are a

more faithful index oftherapeutic response, 104 136137 others 05

have found that IGF-I levels are superior in this respect. In
fact, Wass and co-workers have described a subgroup with
unchanged growth hormone levels but decreased IGF-I levels
who had improved clinically and metabolically. 105 Thus it
appears that bromocriptine may induce clinical improvement
in many patients in spite of persistently raised growth hor-
mone or IGF-I levels (or both). Some groups have reported
that bromocriptine may selectively suppress the monomeric,
biologically active form of growth hormone,138 whereas im-
munoreactive growth hormone levels remain unchanged or

only slightly decreased. Hizuka and associates and others,
however, have found no differences in elution profiles of
growth hormone on Sephadex G 100 chromatography or al-
terations in growth hormone-binding properties in patients
receiving bromocriptine.139.140 In addition, an increased
clearance of biologically active growth hormone has been
reported,138 possibly due to increased blood flow to liver and
kidneys, sites of growth hormone metabolism. Thus, it is
tempting to conclude that bromocriptine may indeed have a
beneficial peripheral effect by impairing growth hormone
bioactivity, unrelated to its direct effect on somatotropes.
Further studies are required to clarify this possibility.

Predicting response to bromocriptine therapy. It has re-
cently been shown that an initial suppression of growth hor-
mone levels by 50% in response to the administration of 2.5
mg bromocriptine will reliably predict the long-term positive
response to bromocriptine therapy. Furthermore, it would
appear that TRH stimulation of growth hormone levels may
predict a concordant suppressive effect ofgrowth hormone by
dopamine agonist therapy.141 The presence of significant hy-
perprolactinemia has also been suggested as a positive pre-
dictor ofgrowth hormone response to bromocriptine.142

Further studies are necessary to confirm the validity of
these predictive tests.

Somatostatin analog. Because somatostatin is a physio-
logic inhibitor of growth hormone secretion, it was a natural
candidate as a pharmacologic tool in treating acromegaly.
Recently an octapeptide somatostatin analog-SMS 201-995,
D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr (OH)-with high
potency and prolonged inhibition of growth hormone secre-
tion has been developed. 143 This analog, administered subcu-
taneously, has been successfully used to lower growth hor-
mone levels in acromegaly. Indeed, SMS 201-995 has
recently been found to provoke a prolonged decrease of
growth hormone levels in seven of eight acromegalic patients
tested. A short-lived suppression of insulin levels, however,
with a concomitant rise in blood glucose levels was also not-
ed.144146 Clinical trials currently under way will no doubt
further evaluate the safety and efficacy of this promising new
form oftherapy.

Other medical treatments. Estrogens,'47 progesterone, 48
chlorpromazine49 and cyproheptadine hydrochloride'50 have
been used with varying degrees of success in the treatment of
acromegaly.

Conclusion
Although recent studies have led to major advances in our

understanding of the pathophysiology and etiology of acro-
megaly, successful therapy still remains elusive for many
patients. The initial success of the transsphenoidal operation
has been followed by less enthusiastic reports of long-term
disease recurrence. Medical treatment, either primary or ad-
junctive, is likely to play an increasingly important thera-
peutic role during the next few years.

The significant progress made in unraveling the complexi-
ties of acromegaly in the past 100 years illustrates the fruitful
application of advances in neuroendocrine physiology and
cellular biochemistry to the understanding of this heteroge-
neous clinical disorder.
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Medical Practice Question
EDITOR'S NOTE: From time to time medical practice questions from organizations with a legitimate interest in the
information are referred to the Scientific Board by the Quality Care Review Commission of the California Medical
Association. The opinions offered are based on training, experience andliterature reviewedby specialists. These opinions
are, however, informational onlyand shouldnotbe interpreted as directives, instructions orpolicystatements.

Gastric Balloon for the Treatment of Obesity
QUESTION:

Is the gastric balloon, a soft, plastic inflatable device placed endoscopically in the stomach
in order to control appetite, considered accepted medicalpractice to aid weight reduction in
obesepatients ?
OPINION:

In the opinion of the Scientific Advisory Panels on General Surgery and Internal Medicine,
use of the gastric balloon for the treatment of obesity should be considered investigational
until controlled clinical studies, some of which are now in progress, define the full extent of
potential complications and document its safety and long-term effectiveness in maintaining
weight loss. The gastric balloon is a soft, plastic device that is placed in a patient's stomach
endoscopically. After inflation, it is left to float free in the upper stomach for several months.
The balloon is intended to be a temporary treatment, used with diet therapy and behavior
modification for those obese patients who have failed to lose weight with these conventional
methods alone.

In the short term, the gastric balloon has been shown to curb appetite and aid in weight
reduction, with a minimum ofserious complications. In fact, the Food and Drug Administra-
tion has approved one device based on this evidence. However, the advisory panels consider
widespread use ofthe gastric balloon premature, until more clinical data are accumulated and
the long-term results of weight maintenance following removal of the balloon are clearly
established.
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